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ABSTRACT 



We have derived Fe abundances of 16 solar-type Pleiades dwarfs by means 
of an equivalent width analysis of Fe I and Fe II lines in high-resolution spectra 
obtained with the Hobby - Eberly Telescope and High Resolution Spectrograph. 
Abundances derived from Fe II lines are larger than those derived from Fe I lines 
(herein referred to as over-ionization) for stars with T^s < 5400 K, and the dis- 
crepancy (AFe = [Fe II/H] - [Fe I/H]) increases dramatically with decreasing T^g, 
reaching over 0.8 dex for the coolest stars of our sample. The Pleiades joins the 
open clusters M 34, the Hyades, IC 2602, and IC 2391, and the Ursa Major moving 
group, demonstrating ostensible over-ionization trends. The Pleiades AFe abun- 
dances are correlated with Ca II infrared triplet and Ha chromospheric emission 
indicators and relative differences therein. Oxygen abundances of our Pleiades 
sample derived from the high-excitation O I triplet have been previously shown 
to increase with decreasing Tes, and a comparison with the AFe abundances sug- 
gests that the over-excitation (larger abundances derived from high excitation 
lines relative to low excitation lines) and over-ionization effects that have been 
observed in cool open cluster and disk field main sequence (MS) dwarfs share a 
common origin. Curiously, a correlation between the Pleiades O I abundances 
and chromospheric emission indicators does not exist. Star-to-star Fe I abun- 
dances have low internal scatter (< 0.11 dex), but the abundances of stars with 
Teff< 5400 K are systematically higher compared to the warmer stars. The cool 
star [Fe I/H] abundances cannot be connected directly to over-excitation effects, 
but similarities with the AFe and O I triplet trends suggest the abundances are 
dubious. Using the [Fe l/H] abundances of five stars with Tgs > 5400 K, we 
derive a mean Pleiades cluster metallicity of [Fe/H] = -1-0.01 ± 0.02. 

Subject headings: open clusters and associations:individual (Pleiades) — stars: abundances 
— stars:atmospheres — stars:late-type 



1. INTRODUCTION 

Studies of Galactic chemical evolution are dependent on accurately derived abundances 
of stars spanning all ages, populations, kinematics, masses, and metallicities. Stars with 
masses M < 1M(7^ are espe cially important given their dominance of the initial mass function 



(IMF; e.g., iKroupal |2002| ). Abundance studies utilizing high-resolution spectroscopy and 



local thermodynamic equilibrium (LTE) analyses of near-solar metallicity G and K dwarfs 
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in open clusters and in the disk field, however, have revealed that the observed abundances 
of at least some elements derived for these cool main sequence (MS) dwarfs may be spurious. 
In particular, studies have found evidence of over-ionization and over-excitation^, i.e., larger 
abundances are derived from lines of singly ionized species compared to neutral species and 
from high-excitation lines of neutral species compared to low-excitation lines, respectively. 
The first indic ation that som e abundances derived for cool MS stars are problematic may 
have come from lOinasI (119741 ). who found the over-ionization of Sc, Ti, Cr, and Fe for a sample 
of 10 K dwarfs (4800 < Teff< 5600 K) in the solar neighborhood. After a careful analysis 
of the procedures and stellar parameters used in the abundance deri vations, the author was 
unabl e to account for the overabundances of the ionized species. iFeltzing &: Gustafsson 
( 119981 ) found similar over-ionization results for Sc, V, Cr, Fe, and Y in five field K dwarfs 
(4510 < Teff < 4833 K). The authors could not exclude an inaccurate temperature scale that 
is several hundred K too low as a possible source of the anomalous abundances, but in the 
end, they suggest that non-LTE (NLTE) effects are the more likely cause. 

Open clusters have been important to the identification and continued study of the over- 
excitation/ionization effects, because the presumed internal chemical homoge neity of the 



clusters provides a baseline with which anomalous abundances can be compared. King et al. 
( l2000af ) derived O abundances from the high-excitation [x = 9.15 eV) near-IR O I triplet 



of a K dwarf in each of the the Pleiades and NGC 2264 open clusters, and in both cases, 
the abundances were highly enhanced: [0/H] = +0.85 and +0.43, respectively. Such high 
O abundances are not expected fo r clusters with no minal metallicities of [Fe /H] = 0.0 



( Boesgaard et al.l 119881 ) and -0.15 (JKing et al.l l2000al ). respectively. Following iKing et al. 



( l2000al ). ISchuler et al.l (120031 ) derived the abundances of MS dwarfs in the M34 cluster; 
over-ionization of Fe and over-excitation of Si (the abundances of which were derived from 
lines with excitation potentials in the range 5.61 < x ^ 6.19 eV) are seen in the coolest stars 
of the sample. Oxygen abundances of the cool M 34 dwarfs, as well as cool Pleiades dwarfs , 
derived from the high-excitatio n O I triple t are al so highly enhanced (ISchuler et al.l 120041 ). 
confirming the earlier results of JKing et al.l (l2000al ). 



Subsequent to th ese early open cluster studies, the ove r-ionization of Fe has been con- 
firmed in the Hyades (Yong et al.ll2004l : ISchuler et al.ll2006al ) and Ursa Major (UMa) moving 
group (JKing &: Schulerll2005l ). and of Ti in the young pre-MS clusters IC2602 and IC2391 



^In this paper, we use over-ionization and over-excitation to refer to the observed enhanced abundances 
derived from spectral hnes of singly ionized species or from high excitation lines, as opposed to other common 
usages referring specifically to the non-LTE (NLTE) effects of over-ionization (the mean intensity, J^ , is larger 
than the Planck function. By, in lower atom ic energy levels), resonance scattering, and photon pumping (e.g., 
Feltzing k GustafssonlflQQsllAsplundlboOSi ). 
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( iD'Orazi &: Randichll2009l ). Overa bundances of O derive d from the O I triplet have been re - 
ported for the UMa moving gro up (JKing fc Schulerll2005l ). the Hyades (ISchuler et aLll2006bl ). 
and IC4665 (IShen et aLl 120071 ) . Over-exc itation effects have been reported for other ele- 
ments, as well, inc luding S in the Plei ades (ISchuler et al.ll2004J) . Si, Ti, Ni, and Cr in IC4665 
Jshen et alj [ 2005[). Ni in the Hyades (Schuler et all boOGafl. and Ca, Ti, and Na in IC2602 
and IC2391 (JD'Orazi fc RandichI 120091 ) . Recent abundance analyses of cool field stars have 



also i dentified oyer-exc itation/ionization effects ( lAUende Prieto et al.l |2004J : iRamirez et al. 
20071 : IChen et al.ll2008l ). confirming the findings of earlier work. 



The over-excitation/ionization abundance anomalies are not thought to represent real 
photospheric overabundances; rather, we believe that they are a signal that our knowledge 
of cool dwarf atmospheres and/or spectral line formation therein is incomplete. As of yet, 
the source or cause of the effects has not been identified. Systematically erroneous stellar 
parameters, e.g., an inaccurate Tes scale, could lead to the observed abundan ce trends, but in 
general, unrealistically larg e parameter errors would have to be present (e.g.. lKing fc Schuler 
20051 : ISchuler et al.l l2006bl ) . Furthermore, parameter changes m ade in response to t he over- 



abundances of one element often increase thos e of another fe.g.. ISchuler et al.ll2003l ). NLTE 



effects have been suggested as the cause (e.g., iFeltzing fc Gustafssonlll998l ). but in general, 
the over-excitation/ionization effects seen in cool dwarfs are in stark contrast to extant NLTE 
calculations. For instance, LTE analyses of the high-excitation O I triplet in the spectra of 
MS dwarfs are predicted to result in increasingly discrepant abundances with increasing T^s 
for stars with Tgfj > 6000 K, re quiring negat i ve NLTE corrections up to 0.4 - 0.5 dex at 6500 
K for solar metallicity dwarfs JTakedalboOsI : IPabbian et aP 120091 ). Below 600 K, the NLTE 
corrections are predicted to be < 0.1 dex and essentially zero below 5500 K (lTakedall2003l ). 
Chromospheric emission and photospheric activity (spots , plages, and faculae ) have also 
been suggested sources for the abundance anomalies (e.g., ISchuler et al.ll2006bl ). These in- 
homogeneities could produce apparent over-excitation/ionization effects within a strict LTE 
framework. 

Continuing our efforts to delineate and understand the observed over-excitation/ionization 
effects in cool MS dwarfs, we have derived Fe I and Fe II abundances of 16 Pleia des dwarfs, 15 



of wh ich have had O abundances derived from the high-excitation O I triplet ( ISchuler et al. 
20041 ). The O I abundances evince a steep increase, reaching [0/H] p^ 1.0 dex near 5000 K 



and star-to-star dispersion below 5500 K. We use the newly derived Pleiades Fe abundances 
to investigate if the over-excitation and over-ionization effects observed in cool MS dwarfs 
are related and indeed manifestations of the same phenomenon. Future observational studies 
that could place stringent constraints on these effects and bring us closer to discovering the 
source of the anomalous abundances are also discussed. 
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OBSERVATIONS AND ANALYSIS 



Echelle spectra of 17 Pleiades MS dwarfs were obtained with the 9.2-ni Hobby - Eberly 
Telescope (HET) and High Resolution Spectrograph (HRS) at the McDonald Observatory 
in queue-mode on 22 separate nights betwee n 2002 August 23 UT an d 2003 February 17 UT. 
These spectra have been used previously by ISchuler et al.l (120041 ) and iKing et al.l (|2010[ ) who 
analyzed the A7775 O I high-excitation triplet and the A6707 Li I line, respectively, in these 
Pleiades dwarfs; please consult these papers for detailed descriptions of the observations and 
spectra. Briefly, the HET/HRS detector is a 4096 x 4100 side-by-side CCD mosaic of two 
2048 X 4100 CCDs with 15 /xm pixels. The spectra are characterized by a high resolution of 
R = A/AA = 60,000, and they have typical signal-to-noise (S/N) ratios of 80 - 100. The 
spectra cover the wavelengths 5095 to 8860 A. Data reduction followed the typical practice of 
using standard I RAF routines to remove the bias pattern, subtract scattered light, flat-field, 
and wavelength-calibrate the spectra. The stars in our sample are listed in Table 1. 

Nineteen Fe I and seven Fe II lines spanning 5793 to 7462 A have been analyzed in the 
spectra of 16 of the seventeen Pleiads in our sample; note, however, that not all of the lines 
were measurable in all of the stars. Equivalent widths (EWs) were determined by fitting each 
line with a Gaussian profile using the one- dimensional spectrum analysis software package 
SPECTRE ( jFitzpatrick fc Snedenll 19871 ). The EW measurements, along with the wavelength, 
excitation potential (x), and transition probabilities {log gf) of each line, are given in Tables 
2-4. Atomic dat a of the lines were obtained by eniail query to the Vienna Atomic Line 
Database (VALD) Jpiskunov et al.lll995l : Ixupka et al.lE999[ iRvabchikova et al.1ll999l ). 



One star included in our Li study (JKing et al.ll2010l ) but not considered here is H II 152. 
This star was observed on two nights separated by approximately ten months. As discussed 
by King et al., target misidentification on one night is a concern. On the night where it 
is not a concern, the spectra were obtained with a grating setting distinct from the setting 
used for the other stars in our sample, giving a spectral coverage of 6100 to 9800 A. Many 
of the Fe I and Fe II lines in our linelist fall outside of the spectral coverage of these data, 
and consequently, H II 152 was not included in our analysis here. 

The Fe I and Fe II abundances were derived using the LTE stellar line analysis package 
MOOG (jSnedenl Il973l ) and model stellar atmospheres with convective overshoot interpo- 
lated from t he standard ATLAS9 grids of R. Kurucz^. In previous analyses of open cluster 



dwarfs (e.g., ISchuler et al.ll2004j . |2006aJ), we have shown that model atmospheres with con- 



vective overshoot produce consistent results as those without the overshoot approximation 
(NOVER). Presently, we have also tested for a subsample of our stars the more updated Ku- 
rucz models without overshoot that include the most recent opacity distribution functions 
(the ODFNEW models). The resulting [Fe I/H] and [Fe Il/H] abundances are consistent with 
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those derived using the overshoot models; the differences range from - 0.05 dex, with the 
ODFNEW-based abundances generally lower, similar to what was found prev iously for the 



NOVE R models. The overshoot models used here are the same ones used by ISchuler et al. 



( 120041 ). from which the adopted stellar parameters are also taken. One exception is H II 2 98; 



for this star, we have used the updated dereddened {B — V)o color of iKing et al.l ( l2010l ) to 



ca lculate new Tp ff , log q , and microturbulent velocity (^) values using the relations described 



m 



Schuler et al.l (|2004J ) and interpolate a new model from the Kurucz grids. The adopted 



stellar parameters for our sample are provided in Table 1. 



3. RESULTS AND DISCUSSION 

Line-by-line abundances derived for each of our Pleiades stars are listed in Tables 2-4, 
and the stellar mean abundances can be found in Table 5. The final mean abundances are 
given relative to solar values (Table 2) derived via an EW analysis of sky spectra obtained 
with the HET/HRS as part of our observational program. The relative abundances are 
determined on a line-by-line basis before the mean is taken; this strict line-by-line abundance 
analysis ensures that the final relative abundances are independent of the adopted oscillator 
strengths. The adopted solar parameters are included in Table 1. The mean [Fe I/H] 
abundances and the differences in the mean [Fe II/H] and [Fe I/H] abundances (AFe = 
[Fe II/H] - [Fe I/H]) are plotted in Figure 1 along with errorbars for three representative 
stars- H II 263, H II 2284, and H II 3179- that run the Tes range of our sample. The 
errorbars denote the total internal uncertainties (o"Totai) in the derived abundances. The 
o'Totai uncertainties are the quadratic s um of the abunda nce uncertainties resulting from 



errors in the adopted stellar parameters (ISchuler et al.ll2004j ) and the uncertainty in the mean 



abundance (Table 5). Abundance sensitivities to the stellar parameters were determined by 
individually altering effective temperature (ATeg = ±150 K), surface gravity (A log (7 = 
±0.30 dex), and microturbulent velocity (A^ = ±0.25 km s~ ) and are given in Table 6. 
The (TTotai uncertainties in the Fe I abundances for the three representative stars are ±0.03, 
±0.05, and ±0.04 dex for H II 263, H II 2284, and H II 3179, respectively. For Fe II, the axotai 
uncertainties are ±0.09, ±0.10, and ±0.08, respectively. The errorbars for the [Fe II/H] - 
[Fe I/H] abundances shown in Figure 1 represent the quadratically combined Fe I and Fe II 
individual o"Totai uncertainties. 

The star-to-star [Fe I/H] abundances fall within a narrow range of 0.11 dex and have 
a standard deviation in the mean of 0.04 dex. However, as can been seen in the left panel 



^http://kurucz.cfa. harvard. edu/grids. html 
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of Figure 1, the [Fe I/H] abundances of stars with T^g < 5400 K are systematically higher 
than those of stars at higher T^s. The discord is verified by the Spearman rank correlation 
coefficient (r^ = —0.7612) at the 99.97% confidence level. In the right panel of Figure 1, AFe 
abundances evince a dramatic increase at about the same T^g, 5400 K. The AFe abundances 
result from large overabundances of Fe II among the cool d' warfs (Table 5), and the AFe vs. 
Teff trend for the Pleiades is sirnilar to those seen in M 34 ( ISchuler et al.ll2003r). the Hyade s 
(JYong et al.ll2004j : ISchuler et al.ll2006al ). and the UMa moving group (JKing fc Schuleiil2005l ). 



3.1. Over-excitation/ionization 

The increase in AFe with decreasing Tes presented here resemble s the trend of increa sing 
Pleiades O abundances derived from the high-excitation O I triplet ( ISchuler et al.l 120041 ). In 
particular, the increase in the O I triplet abundances also begins to become significant at 
approximately 5400 K. In Figure 2 AFe is plotted against the triplet abundances ([O/Hjxrip), 
and it is seen that a strong correlation between these two abundance anomalies does exist. 
According to the linear correlation coefficient (r = 0.847), AFe and [0/H]Trip are correlated 
at a greater than 99.9% confidence level. Also in Figure 2 we plot the residuals in the AFe and 
[O/HJTrip abundances. The residuals are differences between the observed abundances and 
Teff-dependent fitted values calculated by fitting low-order (second or third) polynomials to 
the abundance versus Tgfj relations (Figure 3); the fitted values are determined at each stellar 
Teff. This procedure effectively removes the global mass dependence of the ab undances so 
that th e residuals are a measure of star-to-star abundance scatter at a given Tes (JKing et al. 
2000bl ). Similar to the AFe and [O/Hjxrip abundances, their residuals are correlated, but at 
a slightly lower confidence level, 97% (r = 0.589). The strong relationship between the AFe 
and [O/Hjxrip abundances and especially their residuals suggests the anomalous abundances 
share a common origin. 

Inaccurate Teg scales can give rise to Tsff-dep e ndent abundance trends if the scales are 
in error in a systematic way. iPinsonneault et al.l (|2004[ ) have raised concern as to the ac- 
curacy of color-temperature relations, like the one used for our Pleiades sample, arguing 
that disagreements between observed open cluster color-magnitude diagrams (CMDs) and 
theoretical isochro nes based on col or-temperature relations likely arise from systematic er- 
rors in the latter. lAn et al.l (120071 ) are able to obtain near-perfect agreement between the 
observed CMDs of four nearby open clusters an d isochrones using empiri cal corrections to 
the color-temperature relations as suggested by IPinsonneault et al.l ( 120041 ). Inaccurate Tes 
scales, however, do not appear to be at the root of the over-excitation/ionization effects 
observed among cool open cluster dwarfs. The Pleiades and Hyades [0/HJTrip abundances 



of ISchuler et al.l ( 120041 ) and ISchuler et al.l ( l2006bl ). respectively, were derived using color- 
temperature relations and empirically corrected isochrones, and in both cases, the steep 
trends of increasing abundances with decreasing T^s are present. The Teg from the empiri- 
cally corrected isochrones for the majority of dwarfs in both clusters are higher than those 
from the color-temperature relations, with the differences reaching a maximum of about 190 
K. Temperature corrections of this magnitude also do not alleviate the large AFe abundances 
of the coolest stars in our sample. According to the abundance sensitivities given in Table 
6, the Teflf of H II 263 (Tcs = 5048 K) would have to be higher by approximately 750 K 
in order to bring its Fe II and Fe I abundances into agreemen t; such errors in our adopted 
temperature scale are not expected (jPinsonneault et al.ll2004j ). Furthermore, increasing the 
Teff of H II 263 by 750 K would result in an 0.15 dex increase in its Fe I abundance and 
exacerbate the disagreement in the [Fe I/H] abundances of the cool and warm dwarfs. 

Whatever the cause of the anomalous AFe abundances, the phen omenon may a lso be 
affecting the [Fe I/H] abundances of the Pleiads with Tes < 5400 K. ISchuler et al.l (120031 ) 
found that the Si I abundances of the two coolest M 34 dwarfs (~ 4750 K) they analyzed are 
higher by about 0.1 dex than those of the rest of the sample; the Si I lines have excitation 
potentials of x ~ 6 eV. Similarly, Hyades Ni I abundances derived from lines with excitation 
pot entials of approximat ely 4.25 eV increase with decreasing Tes for dwarfs with Tes < 5100 
K (ISchuler et al.ll2006bl ). More interestingly, the Ni I abundances of a single cool Hyades 
dwarf (Teff = 4573 K) derived from lines with excitation potentials of x ~ 4.25 eV were 
approximately 0.15 dex higher than the abundance derived from a line with a low excitation 
potential (x = 1-83 eV). For a warmer dwarf [T^s = 5978 K), consistent abundances were 
obtained from all of the lines (please see Figure 7 of Schuler et al.). Similar behavior is 
not seen here in the line-by-line Fe I abundances of individual Pleiads (Figure 4). However, 
identifying such excitation potential-related effects for a given cool Pleiades star is difficult, 
because the standard deviation, a measure of the dispersion in the line-by-line abundances, in 
the mean [Fe I/H] abundance of each Pleiad ranges from 0.04 to 0.13 dex and has an average 
of 0.07 dex. This is of the order of the effect seen among the cooler stars in M 34 and Hyades 
dwarfs, for which the effect is expected to be more severe. Thus, a direct connection between 
the heightened mean [Fe I/H] abundances and the over-excitation phenomenon cannot be 
made, but nonetheless, the fact that the [Fe I/H] abundances increase at the same T^q as 
AFe and the O I triplet abundances is intriguing and suggests that they all are the result of 
the same effect. 
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3.2. AFe and Stellar Activity 



Intercluster comparisons of the cool cluster dwarf abundance anomalies can provide 
valuable insight into the nature of the over-excitation/ionization effects by potentially linking 
differences in abundance trend morphologies to differences in the physical characteristics of 
the clusters, such as age and metallici t y. In Figure 5 the Pleiades AFe values along with 
those of the Hyades from lSchuler et al.l ( l2006al ) are plotted versus Tes- The AFe abundances 
of these two clusters follow the same trend down to a Tcs of about 5200 K, below which the 
Pleiades abundances clearly diverge. Similar beh avior is seen in the O I abundances of dwarfs 
in the Hyades, Pleiades and UMa moving group ( ISchuler et al.ll2006bl ). The O I abundances 
of stars in all three associations increase at similar rates down to a Tog of about 5200 K, 
below which the Pleiades trend becomes much steeper than both of those of the Hyades 



and UMa, which continue to track each other. T 



comparable to that of the H yades (iKing fc Schu 



both Pleiades and Hyades ( iBoesgaard fc Friel 



le UM a moving group has an age that is 



ei 



20051) and a metallicity that is lower than 
19901 ). The divergence of the Pleiades O I 



triplet abundances from those of both the Hyades and UMa suggests that the abundance 
trends may undergo an age-related diminution; the AFe abundances of the Pleiades and 
Hyades are consistent with this conclusion. 

Chromospheric emission and photospheric spots are two age-related phenomena that 
have be en discussed in the lite rature as possible sources of the observed over-excitation/ionization 
effects. ISchuler et al.l ( l2006bl ) demonstrated using multicomponent model atmospheres that 
spotted photospheres can plausibly account for the O I triplet abundances of the cool Hyades 
dwarfs. Results from efforts investigating a possible connection between chromospheric ac- 
tivity and the anomalous O I triplet abundances of cool dwarfs, on the other hand, have 
been mixed. No correlation between Ha and Ca II infrared trip let emission measu res and 
O I t riplet abundances of Ple iades dwarfs nor M34 dwarfs exists ( ISchuler et al.ll2004j ). How- 



ever, 



Morel fc Micelal ( 120041 ) found a strong correlation between X-ray activity indicators 



and Pleiades triplet abundances taken from the literature. There is n o correlation betwee n 
Ca II H-l-K emission indicators and the Hyades O I triplet abundances ( ISchuler et al.ll2006bl ). 
For the young cluster IC4665, IShen et al.l ( 120071 ) show that the O I abundances of the cool 
dwarfs are highly correlated with both Ha and Ca II infrared triplet emission indicators. 
It is important to note that Shen et al. is the only of these studies that derived the O I 
abundances and chromospheric emission levels from the same spectra. For the others, the 
measurements were made or taken from different sources, and thus the actual chromospheric 
emission level may have been different when the spectral lines were formed. 

As can be seen from these various studies, it is not clear if there is a connection between 
chromospheric emission and the over-excitation of O I. Furthermore, chromospheric emission 
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is often correlated with Tes, so any correlation between chro mospheric enaission a nd O I 
abundances may be masking some ot her T^ff-dependent effect ( ISchuler et al.ll2006bl ). Using 
the chromospheric emission data from lSoderblom et al.l ( 119931 ). we have plotted the Pleiades 
AFe versus Ca II infrared triplet chromospheric emission indicators (logRjpjrp^) in Figure 6 
and find a correlation that is significant at greater than the 99.9% confidence level according 
to the linear correlation coefficient (r = 0.893). A similar correlation is found for the 
Ha chromospheric emission (logR'y^). These correlations, while suggestive of a connection 
between chromospheric emission and the over-ionization of Fe, should be viewed with caution, 
because log R^^ and log R'irt ^^^ also correlated with T^s at approximately the 93% and 98% 
confidence levels. This degeneracy makes it unclear if the AFe abundances, like those of O I, 
are affected by chromospheric emission or some other Tgfj- dependent effect. 



More importantly, residual AFe abundances and residual chromospheric emission indica- 
tors (calculated in the same manner as the abundance residuals, i.e., they are the differences 
between observed and Tefj- dependent fitted values; please see Figure 3) are correlated at the 
93% and 99.9% confidence levels for Ha and Ca II infrared triplet, respectively (Figure 6). 
These relationships are more indicative of a true correlation between chromospheric emission 
and the over-ionization of Fe. We remind the reader, however, that the AFe abundances and 
chromospheric emission indicators were not measured using the same spectra and are thus 
not cotemporal. 



3.3. AFe Residuals and the Pleiades Li Dispersion 



King et al.l ( l2010l ) have used the same HET/HRS spectra analyzed here to examine the 



long-standing problem of the large Li abundance dispersion observed among cool Pleiades 
dwarfs. These authors find evidence that at least a portion of the dispersion is due to 
real Li depletion and suggest that the differential depletion may be a consequence of stellar 
radius modulations induced by surface magnetic activity, i.e., spots, during pre-MS evo- 
lution. It is also suggested that such spot-induced effects could be related to the over- 
excitation/ionization effects observed today. 

AFe residuals are plotted versus Li abundance residuals in Figure 7 . Li abundances 
are derived from A6707 Li I line strengths and are taken from iKing et al.l ( l2010l ). The AFe 
and Li residuals relation has a correlation coefficient of r = 0.46, corresponding to a ~91% 
confidence level. While only marginally significant at best, the mild correlation still means 



^ The R^ index is the ratio of the flux in the hne core (Ca II infrared triplet or Ha) to the star's bolometric 
flux JNoves et al.lll984l l. 
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that a substantial fraction (nearly-half) of the variance in AFe is related to that in Li. 
The abstra c t pict ure painted by this result is consistent with the conjecture presented by 
King et al.l ( 120101 ): the considerable Li abundance dispersion in cool Pleiades dwarfs has a 
real pre-MS depletion component, a portion of which may be driven by the same mechanism 
(the influence of spots) but perhaps by different physics (the influence on stellar structure 
versus the influence on line formation in addition to or independent of stellar structure) that 
is also possibly responsible for the Fe II versus Fe I differences seen in these stars. This 
would explain the overlap in the variance of Pleiades AFe and Li abundances but allow 
for only marginally significant present-day correlations between these observables. Observa- 
tional tests, using the same type of Pleiades spectroscopic/photometric monitori ng program 



propo sed in the Conclusions section below, of this possibility are discussed in iKing et al. 

feoioh . 



3.4. Pleiades Cluster Metallicity 

The mean abundance of the Pleiades stars above 5400 K derived from Fe I lines is [Fe/H] 
= +0.01 ± 0.02 (uncertainty in the mean) compared to [Fe/H] = +0.07 ± 0.01 (uncertainty 
in the mean) for stars below 5400 K. While a direct connection between the high [Fe I/H] 
abundances and the over-excitation effects manifested in the [O/Hjivip abundances of cool 
open cluster dwarfs cannot be made here, the similarities are suggestive and raise doubt 
as to the accuracy of the cool star [Fe l/H] abundances. For this reason, and because of 
the anomalously high Fe II abundances, we feel that the mean cluster metallicity is best 
estimated by the [Fe I/H] abundances of the warmer stars only, and adopt the value of 
[Fe/H] = +0.01 ± 0.02 for the Pleiades. 

The Pleiades is one of the most well studied Galactic open clusters, and Fe abundances 
of member F, G, and K dwarfs have been derived usin g high-resolut i on sp ectroscopy by a 
handful of groups, which are summarized in Table 7. ICayrel et al.l ( 119881 ) found a mean 
abundance of [Fe/H] = +0.13 from one F and three G dwarfs, though the abundances are 
characterized by a large dispersion (0.02 - 0.26 dex). The spectr a of three of the stars 
have S/N ratios of ~ 40. In the same year, iBoesgaard et al.l (119881 ) report a cluster mean 
abundance of [Fe/H] = +0.003 ± 0.054 for 13 F stars that have standard deviations in their 
individual [Fe/H] abundances < 0.10 dex; the mean abundan ce of their entire 17 star s ample 
is [Fe/H] = —0.03. Subsequent to that, iBoesgaardI ( 119891 ) a nd IBoesgaard fc Friell (Il990l ) 
find similar values, [Fe/H] = +0.02 and -0.02, respectively. King et al.l ( l2000a[ ) derived 



the abundances of two cool Pleiades K dwarfs and obtained a mean abundance of [Fe/H] 
= +0.06 from an analysis of Fe I lines. This value is almost identical to that of the stars 
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with Teff < 5400 K in our sample, and we suspect that the abundances of th e two K dwarfs 
from King et al. are similarly suspect. However, iGebran &: Monierl (120081 ) also derived a 
mean abundance of [Fe/H] = +0. 06 but for five F dwarfs. These authors noted that their 



result is slightly larger than that of iBoesgaard fc Friell (Il990[ ) and suggested differences in the 
analyses, i.e., spectral l ines used and adopted stellar parameters, as a possible cause. Finally, 
Funayama et al.l (120091 ) have recently reported a cluster abundance of [Fe/H] = +0.03 ±0.05 
based on 22 A, F, and G stars. 



Exclud i ng the results of ICayrel et al.l (119881 ) due to poor data quality and those of 
King et al.l (l2000a] ) due to the uncertainty in the abundances of the two cool K dwarfs 
studied, the mean Pleiades cluster abundance of the six remaining studies, including ours, 
is [Fe/H] = +0.01 with a standard deviation of cTg.d. = 0.03. This is identical to the value 
from the five stars with T^s > 5400 K in our sample, and by our assessment, represents the 
best estimate of the Pleiades cluster metallicity. 



CONCLUSIONS 



We have derived Fe abundances via an EW analysis of Fe I and Fe II lines in high- 
resolution and moderate-S/N spectra of 16 MS dwarfs in the Pleiades open cluster. The 
[Fe II/H] abundances increase dramatically relative to [Fe I/H] at T^s below 5400 K, with the 
difference reaching over 0.8 dex in the coolest stars. This behavior is akin to what is seen in 
M 34, the Hyades, and the UMa moving group. Comparison of the AFe abundance patterns 
in the Pleiades and Hyades, as well as the [0/H]Trip abundances in the Pleiades, Hyades, 
and UMa moving group, suggests that the trends may relax with age, though metallicity 
may yet prove to be a factor. Abundances of cool dwarfs in additional open clusters or other 
stellar associations, especially those older than the Hyades, are needed to determine if either 
age or metallicity are related to these anomalous abundances. 

The [Fe I/H] abundances are also higher in Pleiads below 5400 K, but they show no 
evidence of an increase with decreasing T^g. The inability to attribute the high [Fe I/H] 
abundances of the cool stars to the over-excitation effects illustrates the difficulty of quan- 
tifying this phenomenon. With lines of exceptionally high excitation potential such as the 



O I t riplet, the over-excitation effect is clearly seen (e.g., ISchuler et al.l l2006bl : IShen et al. 



20071 ). but for lines with excitation potentials < 5 eV, the effect is more difficult to pinpoint. 
Our Fe I linelist includes transitions ranging in excitation potential from 2.18 to 5.10 eV, 
but for the individual Pleiades stars, no increase in the line-by-line abundances as a func- 
tion of excitation p otential, like that se en in Ni I abundances of cool Hyades dwarfs (1.83 
eV < X < 4.42 eV; ISchuler et al.ll2006al ). is evident (Figure 4). Line-to-line sensitivities to 
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the over-excitation/ionization effects have yet to be clearly delineated, and it needs to be 
determined if there is an excitation potential threshold above which the abundances derived 
from these lines become enhanced by these effects. Similarly, it needs to be determined if 
there is an excitation potential threshold below which the opposite occurs, the abundances 
derived from the low-excitation lines are lower due to these effects. Such behavior would be 
expected if the overabundances of high-excitation (singly ionized) lines are due to the over- 
population of high-excitation (singly ionized) electronic states at the expense of depopulating 
low-excitation states. Whether or not the over-excitation effects impact the spectroscopic 
derivation of stellar parameters (Teg, logg, and C,), an approach not adopted here, also 
needs to be determined. Future investigations of these effects will require high-quality high- 
resolution spectroscopy so that accurate line-by-line abundances can be derived, even from 
features of just a few mA in strength. 

A strong correlation between the AFe and [0/H]Trip abundances of the Pleiades dwarfs 
is evident in Figure 2, suggesting that the over-excitation/ionization effects share a common 
cause or origin. Chromospheric emission and photospheric spots have been shown to be 
promising culprits, but to this point, the data are inconclusive. Whereas strong correlations 
between the Pleiades AFe and chromospheric emission indicators and their residuals exist, 
they do not exist between [0/H]Trip and chromospheric emission. These contradictory results 
complicate the interpretation of the observed over-excitation/ionization effects and will have 
to be addressed by future studies. Also, comparing abundances and chromospheric emis- 
sion indicators measured using different spectra may not provide an accurate test of a true 
correlation because of potential temporal changes in chromospheric activity levels. Future 
investigations into the over-excitation/ionization effects in cool open cluster dwarfs should 
make every effort to derive chromospheric activity levels from the same spectra so that any 
possible relation between the two can be more definitively delineated. 

Determining the influence of photospheric spots on abundance derivations is more ar- 
duous. Multicomponent model atmospheres- simulating photospheres with different areal 
coverages of hot, cool, and quiescent spots- have been shown to able to reproduce the mea- 
sured EWs of the O I triplet in a sample of Hyades stars, but, while such exercises are 
useful and demonstrate the plausibility of the photospheric spot hypothesis, the results are 
only suggestive. Observationally, a simultaneous photometric and spectroscopic monitor- 
ing program could be used to identify any correlated changes in spot coverage and spectral 
line strengths. Such observational constraints would be helpful to determine if spotted pho- 
tospheres affect high-resolution abundance derivations. Despite the challenges, the possible 
connection between spots, over-excitation/ionization effects, and pre-MS Li depletion should 
provide sufficient motivation for future efforts. 
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A final conclusion that can be drawn from this study is that those carrying out spectro- 
scopic abundance analyses of open clusters should heed caution when their samples include 
cool dwarfs, particularly those with Tefj < 5400 K. Including the abundances of these stars 
may skew cluster mean abundances. A similar caution may be needed for those studying 
cool MS dwarfs in the disk field, as well. Further investigations into the sensitivity of the 
over-excitation/ionization effects to excitation potential, first ionization potential, stellar 
age, and stellar metallicity are needed in order to identify the extent and ubiquity of these 
effects. 
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Fig. 1. — Left: Fe abundances derived from Fe I lines vs Tcs- Errorbars for three represen- 
tative stars- H II 263, H II 2284, and H II 3179- are shown and illustrate the total internal 
abundance uncertainties, as described in the text. Right: AFe vs Teff. The errorbars for the 
three representative stars depict the quadratically combined Fe I and Fe II individual total 
internal uncertainties. 
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Fig. 2. — Left: AFe plotted against O abundances derived from the high-excitation O I 
triplet. The [O/ Hjivip abundances an d typical uncertainties (shown as the horizontal er- 
rorbars) are from ISchuler et al.l (12004J ). The vertical errorbars are those shown in the right 
panel of Figure 1. AFe is correlated with [O/Hjxrip at greater than the 99.9% confidence 
level according to the linear correlation coefficient (r = 0.847). Right: AFe residuals vs O 
abundance residuals. The residuals are the differences in observed and Tefj-dependent fitted 
values. The residuals are correlated at a 97% confidence level (r = 0.589). 
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Fig. 3. — Polynomial fits (solid lines) to AFe, logRjj^rp, and Li abundance versus T^s relations 
for the Pleiades dwarfs. The fits are used to calculate residuals- differences between observed 
and fitted values- in the abundances and chromospheric activity indicators for each star. 
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Fig. 4. — Line-by-line Fe abundances of H II 263 derived from Fe I lines vs excitation 
potential. There is no trend in the abundances as a function of excitation potential. The 
standard deviation of the abundances is as.d. = 0.06 and is shown as the errorbar in the 
lower right hand corner. 
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Fig. 5. — AFe for the Pleiades (cl osed circles) a n d the H yades (open squares) as a function 
of Tgff. The Hyades data are from ISchuler et al.l teOOGaT ). 
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Fig. 6. — Left: AFe vs Ca II infrared triplet chromospheric emission indicator. According 
to the linear correlation coefficient (r = 0.893), the AFe abundances are correlated with 
the Ca II chromospheric emis sion with greater than 99.9% confidence. The chromospheric 
emission data are taken from ISoderblom et al.l ( 119931 ). Right: AFe residuals vs residuals in 
Ca II infrared triplet chromospheric emission indicators. The quantities are correlated at 
the 99.9% confidence level (r = 0.766). 
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Fig. 7 . — AFe residuals vs Li I abundance residuals. The Li I abundances are from lKing et al. 
(J2010|). The linear correlation coefficient (r = 0.456) is marginally significant at the ~91% 



confidence level. 
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Table 1. Stellar Parameters 





{B - V)o 


T'cflf 


logs 


i 


Star 


(mag) 


(K) 


(cgs) 


(km s-i) 


HII 0152 


0.65 


5715 


4.55 


0.96 


HII 0193 


0.75 


5339 


4.61 


0.58 


HII 0250 


0.65 


5715 


4.55 


0.96 


HII 0263 


0.84 


5048 


4.64 


0.30 


HII 0298 


0.89 


4899 


4.66 


0.16 


HII 0571 


0.75 


5373 


4.60 


0.61 


HII 0746 


0.73 


5407 


4.60 


0.65 


HII 0916 


0.82 


5098 


4.64 


0.35 


HII 1593 


0.73 


5407 


4.60 


0.65 


HII 2126 


0.81 


5142 


4.63 


0.39 


HII 2284 


0.74 


5363 


4.61 


0.60 


HH2311 


0.78 


5239 


4.62 


0.48 


HII 2366 


0.78 


5239 


4.62 


0.48 


HII 2406 


0.72 


5442 


4.59 


0.68 


HII 2462 


0.80 


5174 


4.63 


0.42 


HII 2880 


0.82 


5117 


4.64 


0.37 


HII 3179 


0.53 


6172 


4.48 


1.42 


Sun .... 




5777 


4.44 


1.38 



Table 2. Equivalent Widths and Abundances 





A 

(A) 


X 

(eV) 


log .9/ 


S 


iin 


H II 193 


H II 250 


H II 263 


H II 298 


H II 571 


Ion 


EW 


logiV 


EW 


logiV 


EW 


log TV 


EW 


log TV 


EW 


log TV 


EW 


log TV 


Fel 


5793.92 


4.22 


-1.70 


33.9 


7.52 


46.0 


7.63 


37.0 


7.59 


47.5 


7.61 


45.4 


7.56 


39.3 


7.51 




5856.10 


4.29 


-1.64 


36.6 


7.57 


42.1 


7.56 


30.8 


7.46 


47.8 


7.62 


51.1 


7.67 


43.0 


7.59 




5927.80 


4.65 


-1.09 


45.7 


7.52 


54.0 


7.58 


41.5 


7.46 


60.3 


7.63 


63.9 


7.67 


56.5 


7.63 




6089.57 


5.02 


-0.94 


41.8 


7.64 


47.1 


7.63 


35.3 


7.52 


49.5 


7.64 


56.6 


7.74 


43.0 


7.57 




6093.65 


4.61 


-1.50 


32.0 


7.63 


39.6 


7.67 


30.4 


7.60 


45.9 


7.76 


42.5 


7.69 


39.4 


7.68 




6096.67 


3.98 


-1.93 


41.2 


7.64 


52.8 


7.75 


42.4 


7.68 


52.9 


7.70 


55.1 


7.72 


49.2 


7.69 




6151.62 


2.18 


-3.29 


52.5 


7.45 


66.5 


7.58 


53.6 


7.50 


76.0 


7.64 






61.4 


7.48 




6165.36 


4.14 


-1.47 


48.3 


7.46 


58.3 


7.56 


47.2 


7.47 


58.1 


7.49 


57.6 


7.47 


53.0 


7.46 




6270.23 


2.86 


-2.71 


56.2 


7.59 


70.8 


7.77 


57.6 


7.67 


68.8 


7.62 


75.3 


7.69 




'Y 




6627.56 


4.55 


-1.68 


30.9 


7.71 


30.6 


7.59 


30.0 


7.69 


37.0 


7.69 


39.1 


7.74 


36.6 


7.KS 

7.(|1 




6806.86 


2.73 


-3.21 


36.4 


7.57 


53.1 


7.72 


37.8 


7.60 














47.1 




6839.84 


2.56 


-3.45 


37.2 


7.65 






35.8 


7.62 










58.4 


7.76 


38.5 


7.48 




6842.69 


4.64 


-1.32 


41.8 


7.64 






43.5 


7.68 














44.1 


7.60 




6857.25 


4.07 


-2.15 


23.4 


7.54 


35.0 


7.66 


23.8 


7.54 










37.1 


7.66 


28.5 


7.52 




6861.94 


2.42 


-3.89 


21.5 


7.61 


















42.5 


7.69 


32.5 


7.63 




6862.50 


4.56 


-1.57 


29.9 


7.58 


















45.9 


7.76 


40.2 


7.69 




7284.84 


4.14 


-1.75 


38.8 


7.51 






46.0 


7.66 










57.9 


7.64 


51.0 


7.65 




7461.53 


2.56 


-3.58 


29.2 


7.59 


37.4 


7.53 






48.5 


7.67 


50.4 


7.68 


42.0 


7.64 




7547.90 


5.10 


-1.35 


22.6 


7.67 


27.5 


7.70 






33.3 


7.81 






29.4 


7.74 


Fell 


5264.81 
5414.05 


3.23 

3.22 


-3.13 
-3.65 


43.8 
30.7 


7.40 
7.61 


42.1 


7.82 


42.9 


7.54 


49.9 


8.31 






44.0 


7.84 




5425.25 


3.20 


-3.39 


39.4 


7.53 


39.7 


7.99 


40.8 


7.71 


41.3 


8.32 


39.6 


8.45 


40.5 


7.97 




6084.10 


3.20 


-3.88 


22.0 


7.59 
























6247.56 


3.89 


-2.44 


52.6 


7.49 


47.4 


7.92 


56.8 


7.77 


52.5 


8.37 


47.2 


8.43 


50.5 


7.96 




6432.68 


2.89 


-3.69 


42.0 


7.55 


39.8 


7.96 


41.8 


7.70 


48.1 


8.48 


41.5 


8.50 


37.2 


7.86 




6456.39 


3.90 


-2.19 


63.4 


7.45 


55.7 


7.86 


69.6 


7.79 


67.1 


8.41 


53.0 


8.32 


63.0 


7.98 



Table 2 — Continued 



Sun H II 193 H II 250 H II 263 H II 298 H II 571 



Ion (A) (cV) log gf EW logiV EW logiV EW logiV EW logiV EW log TV EW logA^ 



to 



Table 3. Equivalent Widths and Abundances 





A 

(A) 


X 

(eV) 


log .9/ 


H II 746 


H II 916 


H II 1593 


H II 2126 


H II 2284 


H II 2311 


Ion 


EW 


logiV 


EW 


logiV 


EW 


logiV 


EW 


logiV 


EW 


logiV 


EW 


logiV 


Fel 


5793.92 


4.22 


-1.70 


40.4 


7.54 


48.0 


7.62 


40.5 


7.54 


49.5 


7.66 


48.2 


7.69 


46.5 


7.62 




5856.10 


4.29 


-1.64 


40.9 


7.56 


46.7 


7.61 


40.9 


7.56 


49.4 


7.66 


41.0 


7.23 


44.3 


7.58 




5927.80 


4.65 


-1.09 


53.0 


7.57 


58.0 


7.60 


51.2 


7.54 


60.5 


7.64 


53.2 


7.56 


55.5 


7.58 




6089.57 


5.02 


-0.94 


42.4 


7.56 


49.5 


7.64 


41.6 


7.55 


47.0 


7.60 


46.7 


7.63 


54.4 


7.73 




6093.65 


4.61 


-1.50 


38.5 


7.67 


41.0 


7.67 


39.0 


7.68 


40.7 


7.66 


40.1 


7.69 








6096.67 


3.98 


-1.93 


51.0 


7.74 


54.0 


7.72 


46.8 


7.65 


55.2 


7.76 


56.1 


7.83 


51.3 


7.70 




6151.62 


2.18 


-3.29 


63.9 


7.55 


69.5 


7.53 


61.7 


7.50 


80.0 


7.75 


70.9 


7.68 


72.9 


7.66 




6165.36 


4.14 


-1.47 


53.5 


7.48 


62.3 


7.57 


49.9 


7.41 


56.6 


7.48 


51.6 


7.43 


57.0 


7.51 




6270.23 


2.86 


-2.71 


63.5 


7.64 


67.0 


7.60 


64.2 


7.66 


73.1 


7.73 


71.2 


7.54 


69.5 


7.J0 




6627.56 


4.55 


-1.68 


35.1 


7.70 


41.1 


7.78 


35.1 


7.70 


38.6 


7.73 


42.2 


7.84 


39.6 


7.S£ 




6806.86 


2.73 


-3.21 


46.3 


7.60 


55.1 


7.68 


44.6 


7.57 


58.7 


7.77 


49.8 


7.66 


53.7 


7.ro 




6839.84 


2.56 


-3.45 


42.5 


7.58 


52.0 


7.67 


39.1 


7.51 


46.9 


7.57 


43.8 


7.59 


49.6 


7.66 




6842.69 


4.64 


-1.32 


51.0 


7.73 


48.5 


7.64 


48.6 


7.69 






49.9 


7.70 


48.1 


7.65 




6857.25 


4.07 


-2.15 


33.2 


7.64 


33.0 


7.57 


31.1 


7.59 


35.3 


7.63 


30.2 


7.56 


37.6 


7.69 




6861.94 


2.42 


-3.89 


26.6 


7.51 


33.4 


7.53 


26.3 


7.50 






32.0 


7.61 








6862.50 


4.56 


-1.57 


36.4 


7.62 


42.5 


7.70 


35.0 


7.59 






43.0 


7.74 


40.3 


7.66 




7284.84 


4.14 


-1.75 


50.8 


7.65 


55.6 


7.69 


48.8 


7.61 






48.8 


7.60 








7461.53 


2.56 


-3.58 


45.0 


7.72 


48.4 


7.68 


36.6 


7.54 


42.2 


7.55 


45.9 


7.72 


47.6 


7.71 




7547.90 


5.10 


-1.35 














31.7 


7.78 


27.0 


7.69 


31.7 


7.78 


Fell 


5264.81 
5414.05 


3.23 

3.22 


-3.13 
-3.65 


37.7 


7.64 


36.6 


7.91 


41.9 


7.76 


32.7 


7.75 


34.7 


7.60 


37.7 
27.0 


7.79 
7.98 




5425.25 


3.20 


-3.39 


37.3 


7.86 






38.0 


7.88 


32.1 


7.96 


39.6 


7.96 


37.3 


8.01 




6084.10 


3.20 


-3.88 










21.3 


7.88 






14.5 


7.66 








6247.56 


3.89 


-2.44 


51.0 


7.93 


38.4 


7.96 


48.5 


7.87 


40.7 


7.97 


44.0 


7.81 


43.8 


7.93 




6432.68 


2.89 


-3.69 


36.8 


7.82 


30.5 


7.95 


38.6 


7.86 


29.9 


7.88 


35.2 


7.82 








6456.39 


3.90 


-2.19 


62.4 


7.94 


51.2 


8.03 


58.7 


7.86 


50.6 


7.97 


54.5 


7.82 


57.8 


8.02 



Table 3 — Continued 



H II 746 H II 916 H II 1593 H II 2126 H II 2284 H II 2311 



Ion (A) (cV) log gf EW logiV EW logiV EW logiV EW logiV EW log TV EW logA^ 



to 
00 



Table 4. Equivalent Widths and Abundances 





A 

(A) 


X 
(eV) 


log .9/ 


H II 2366 


H II 2406 


H II 2462 


H II 2880 


H II 3179 




Ion 


EW 


logiV 


EW 


log TV 


EW 


log TV 


EW 


log TV 


EW 


log TV 




Fel 


5793.92 


4.22 


-1.70 


47.8 


7.65 


43.1 


7.61 


48.0 


7.64 


43.5 


7.54 


26.3 


7.58 






5856.10 


4.29 


-1.64 


46.8 


7.63 


38.9 


7.52 


46.6 


7.62 


46.8 


7.61 


24.8 


7.55 






5927.80 


4.65 


-1.09 


57.3 


7.61 


50.5 


7.54 


58.3 


7.61 


55.2 


7.55 


34.2 


7.52 






6089.57 


5.02 


-0.94 


51.4 


7.69 


40.2 


7.53 


49.5 


7.65 


48.6 


7.63 


30.4 


7.60 






6093.65 


4.61 


-1.50 


47.2 


7.80 


32.6 


7.55 


41.2 


7.68 


43.5 


7.72 


24.1 


7.66 






6096.67 


3.98 


-1.93 


49.8 


7.67 


45.5 


7.64 


56.1 


7.78 


55.1 


7.75 


29.5 


7.65 






6151.62 


2.18 


-3.29 


72.5 


7.66 


55.4 


7.38 


70.5 


7.59 


73.2 


7.61 


36.8 


7.51 






6165.36 


4.14 


-1.47 


57.3 


7.51 


51.3 


7.45 


56.5 


7.48 


55.9 


7.46 


37.3 


7.50 






6270.23 


2.86 


-2.71 


71.3 


7.74 


61.2 


7.61 


72.9 


7.74 


65.9 


7.59 


44.8 


7.70 






6627.56 


4.55 


-1.68 


34.8 


7.66 


36.0 


7.73 


39.6 


7.75 


30.2 


7.55 


21.5 


7.70 


to 

CO 




6806.86 


2.73 


-3.21 


56.8 


7.76 


43.5 


7.56 


56.3 


7.73 


57.1 


7.73 


23.7 


7.62 




6839.84 


2.56 


-3.45 


51.6 


7.71 


42.5 


7.60 


47.9 


7.60 


49.3 


7.62 










6842.69 


4.64 


-1.32 


48.5 


7.65 


44.5 


7.62 


49.5 


7.67 


52.8 


7.72 


32.5 


7.67 






6857.25 


4.07 


-2.15 


38.2 


7.71 






33.3 


7.59 


35.5 


7.63 


17.2 


7.60 






6861.94 


2.42 


-3.89 


41.1 


7.76 






36.9 


7.64 


36.6 


7.61 


11.0 


7.60 






6862.50 


4.56 


-1.57 










44.5 


7.74 


38.4 


7.62 


25.3 


7.68 






7284.84 


4.14 


-1.75 










57.5 


7.73 














7461.53 


2.56 


-3.58 


42.4 


7.59 


34.2 


7.51 


44.8 


7.62 


42.0 


7.54 


18.9 


7.67 






7547.90 


5.10 


-1.35 






24.3 


7.64 






30.1 


7.74 








Fell 


5264.81 


3.23 


-3.13 


34.0 


7.69 


37.8 


7.61 


36.9 


7.84 


38.9 


7.95 


51.4 


7.48 






5414.05 


3.22 


-3.65 


23.5 


7.86 






21.6 


7.86 






30.3 


7.53 






5425.25 


3.20 


-3.39 


33.8 


7.91 


36.1 


7.79 


30.8 


7.88 


34.8 


8.07 


48.1 


7.63 






6084.10 


3.20 


-3.88 














39.4 


7.97 


26.5 


7.64 






6247.56 


3.89 


-2.44 


41.0 


7.86 


51.3 


7.90 


38.0 


7.86 


34.5 


8.05 


66.6 


7.64 






6432.68 


2.89 


-3.69 






42.4 


7.93 


31.5 


7.90 


52.0 


8.03 


48.9 


7.61 






6456.39 


3.90 


-2.19 


51.2 


7.87 


60.8 


7.86 


50.8 


7.93 






74.1 


7.53 





Table 4 — Continued 



H II 2366 H II 2406 H II 2462 H II 2880 H II 3179 



Ion (A) (eV) log gf EW logA^ EW logiV EW logiV EW logiV EW logiV 



00 

o 
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Table 5. Mean Iron Aubndnaces 



Star 


Fe I/H 


^/ 


Fe II/H] 


^M 


AFe"^ 


H II 193 


0.06 


0.02 


0.43 


0.01 


+0.37 


H II 250 


0.01 


0.02 


0.22 


0.05 


+0.21 


H II 263 


0.07 


0.02 


0.89 


0.04 


+0.82 


H II 298 


0.09 


0.01 


0.92 


0.02 


+0.83 


H II 571 


0.02 


0.02 


0.44 


0.04 


+0.42 


H II 746 


0.04 


0.02 


0.35 


0.06 


+0.31 


H II 916 


0.06 


0.01 


0.49 


0.05 


+0.43 


H II 1593 


0.00 


0.01 


0.35 


0.02 


+0.35 


H II 2126 


0.08 


0.03 


0.42 


0.04 


+0.34 


H II 2284 


0.05 


0.03 


0.28 


0.06 


+0.23 


H II 2311 


0.08 


0.01 


0.45 


0.04 


+0.37 


H II 2366 


0.09 


0.02 


0.34 


0.04 


+0.25 


H II 2406 


-0.02 


0.01 


0.33 


0.05 


+0.35 


H II 2462 


0.08 


0.02 


0.37 


0.04 


+0.29 


H II 2880 


0.04 


0.02 


0.53 


0.02 


+0.49 


H II 3179 


0.03 


0.01 


0.06 


0.03 


+0.03 















^(7^ = (Js.d./^/N — 1, where A^ is the number of hnes measured. 

^A Fe= [Fell/H] - [Fc I/H]. 
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Table 6. Abundance Sensitivities 



Star 




Parameter 


Fel 


Fell 


H II 263 (Teff = 


: 5048 K) 


ATeff(±150 K) 


±0.03 


^0.16 






Alog^(±0.30dex) 


±0.01 


+0.11 
-0.14 






A^(±0.25kms"^) 


^0.02 


-0.03 
+0.01 


H II 2284(Teff = 


= 5363 K) 


ATeff = ±150 K 


+0.07 
-0.05 


^0.11 






Alog^ = ±0.30 dex 


±0.00 


±0.14 






A^ = ±0.25 km s"^ 


^0.03 


-0.05 
+0.03 


H II 3179(reff = 


= 6172 K) 


ATcff = ±150 K 


±0.10 


^0.03 






Alogg = ±0.30 dex 


^0.01 


±0.12 






A^ = ±0.25 km s"^ 


^0.02 


^0.06 



Table 7. Census of Pleiades Cluster Metallicities 



Fe/H 


^M 


Reference 


±0.13^ 


0.06 


Cavrel et al. dQSS) 


-0.03 


0.02 


Boeseaard et al. dQSS) 


±0.02 


0.03 


Boeseaard figSQ) 


-0.02 


0.02 


Boeseraard & Friel flQQO) 


±0.06^ 


0.03 


Kinsr et al. r2000a) 


±0.06 


0.01 


Gebran & Monier ('2008) 


±0.03 


0.05 


Funavama et al. ('2009) 


±0.01 


0.02 


This work 


±0.01 


0.01 


Mean 



^Not included in the Mean abundance, as de- 
scribed in the text. 



